Diagnosis of paratuberculosis using the IDEXX DNA probe test and 3 methods for cultivation of Mycobacterium paratuberculosis from fecal specimens were compared. Twenty-one of 170 fecal specimens were DNA probe test positive, whereas 35 specimens were positive by 1 or more of the cultivation methods evaluated. Four specimens were DNA probe test positive but were negative by fecal culture. The probe test detected M. paratuberculosis DNA in 62.9% of the specimens positive by a sedimentation culture method, in 56.6% of those positive by a centrifugation culture method, and in 65.4% of the specimens positive by the Cornell culture method. Specificity of the DNA probe test was approximately 97% relative to all culture methods. Generally, the probe test detected M. paratuberculosis DNA in fecal specimens from animals shedding at least 10 4 M. paratuberculosis colony forming units per gram of feces. Although the probe test did not detect all of the cattle shedding M. paratuberculosis, it was possible to identify cattle shedding the greatest number of organisms in 3 days compared with a minimum of 6 weeks required for positive culture results. The centrifugation method resulted in the most isolations of M. paratuberculosis after 12 weeks of incubation. However, contamination also was greatest when the centrifugation method was used. Contamination was best controlled using the Cornell method. The sedimentation method was the least time consuming and yielded results similar to those of the other 2 methods.
Paratuberculosis is a chronic granulomatous enteritis of ruminants caused by Mycobacterium paratuberculosis, a small, fastidious, acid-fast bacterium. 3 Paratuberculosis is an economically important disease that is difficult to control, partially because of the lack of accurate, rapid diagnostic tests.
Cultivation of M. paratuberculosis is the definitive diagnostic test for paratuberculosis; 3, 4 however, the procedure is time consuming and requires 8-16 weeks of incubation and use of specialized culture medium. 16 A minimum of 10-100 viable M. paratuberculosis colony forming units (CPU) must be present per gram of feces for current cultivation methods to detect infected animals. 3, 13 Centrifugation of fecal samples prior to inoculation of culture medium has been used to increase the sensitivity of cultivation methods. 8, 19, 20 However, concentration of samples by centrifugation also increases contamination in some cases. 8 To better control contamination, a method for double decontamination of centrifuged fecal specimens was developed. 14 have been used to study M. paratuberculosis DNA 1 , 5 , 7 , 1 0 , 1 1 , 1 5 Some probes hybridize with DNA from organisms closely related to M. paratuberculosis, such as Mycobacterium avium, which limits the usefulness of these probes for diagnosis of paratuberculosis. 7,11 A 25-base DNA probe derived from the sequence of IS900, insertion sequence found in 15-20 copies in the M. paratuberculosis chromosome, 5,6 is specific for M. paratuberculosis DNA and has been used to detect M. paratuberculosis in fecal samples? A diagnostic test kit using this DNA probe for detection of M. paratuberculosis in bovine fecal specimens was recently developed. The polymerase chain reaction (PCR) 12 is used in the testing procedure to amplify M. paratuberculosis DNA present in the sample. The purpose of this study was to compare the DNA probe test and 3 methods for cultivation of M. paratuberculosis from fecal specimens for diagnosis of paratuberculosis. 
Materials and methods

Use of DNA probes offers an alternative diagnostic
Fecal culture
Three methods for cultivation of M. paratuberculosis from fecal specimens were used ( Fig. 1 ). To minimize sample variation among procedures, all cultivation methods were done using a suspension made from the same l-g fecal specimen. One gram of feces was placed in 35 ml sterile deionized water in a 50-ml centrifuge tube and shaken on a horizontal shaker for 30 min. After shaking, tubes were set in a vertical position for 30 min to allow particulate matter to settle. Approximately 20 ml of supernatant suspension was transferred to another 50-ml centrifuge tube and mixed to make a uniform suspension. Five-milliliter aliquots of this suspension were processed by each of the cultivation methods ( Fig. 1 ).
Samples processed by the sedimentation method were decontaminated overnight in 0.75% (final concentration) hexadecylpyridinium chloride (HPC). Sediment that formed at the bottom of the tube was used to inoculate 4 tubes of Herrold's egg yolk medium containing 2 mg mycobactin J, 4.1 g sodium pyruvate, and 50 mg amphotericin B a per liter (HEYM). 16 Samples processed by the centrifugation method were centrifuged at 1,700 x g for 20 min following overnight decontamination. After decanting the supernatant, the pellet was resuspended in 1 ml of a 100 µg/ml solution of amphotericin B, and the suspension was used to inoculate 4 tubes of HEYM.
Samples processed by the Cornell method (Dr. S. Shin, Cornell University, Ithaca, NY, personal communication) 14 were decontaminated overnight at 37 C in HPC prepared in brain-heart infusion broth (BHI)." After centrifugation, the supernatant was decanted and the pellet was resuspended in 1 ml BHI containing 100 µg nalidixic acid, c 100 µg vancomycin, c and 50 µg amphotericin B. Samples were incubated overnight at 37 C, then 4 tubes of HEYM containing 50 µg nalidixic acid and 50 µg vancomycin were inoculated.
After inoculation, all tubes were incubated at 37 C in a slanted position with loosened caps for 1 wk. Caps were then tightened, and tubes were set upright for the remainder of the 16-wk incubation period. Tubes were examined for growth at least once every 4 wk. Samples were considered positive if M. paratuberculosis was isolated on any of 4 slants of HEYM. In the absence of M. paratuberculosis isolation, samples were considered negative if at least 2 of 4 slants were free of contaminants.
DNA probe test
The DNA probe test was carried out as specified by the manufacturer. d Briefly, fecal samples were suspended in 10 volumes of sample suspension buffer and allowed to settle overnight. One-half milliliter of supernatant was added to a column, 15 and the sample was eluted using 15 ml of 0.2 N NaOH. After centrifugation, the sample pellet was resuspended in 250 µ1 of 0.2 N NaOH, heated 10 min at 120 C, and cooled to room temperature. One microliter of sample was transferred to a tube containing 96 µ1 reaction mixture for the PCR. Conditions for the PCR were as follows: denaturation at 94 C for 1 min, annealing at 60 C for 2 min, and polymerization at 72 C for 1 min.
Following PCR, 3 µ1 of amplified product was spotted onto a nylon membrane and fixed to the membrane by soaking in 0.4 N NaOH. Hybridization reactions, using the 25-base oligonucleotide probe conjugated with an enzyme, were carried out at 55 C for 30 min. After hybridization, membranes were washed and substrate was added to detect bound probe. Development of a blue dot at the site of sample application was considered positive for M. paratuberculosis and absence of color development was classified as negative. Positive controls consisting of M. paratuberculosis DNA and M. paratuberculosis strain 19698 organisms were used in each assay. In addition, negative controls, which contained PCR reaction mixtures with no M. paratuberculosis DNA added, were in-eluded. Tests were repeated if inappropriate reactions were 17 was diluted by serial 10fold dilutions. One milliliter from each dilution was thoroughly mixed with 10 g feces from a bull known to be free of paratuberculosis. One gram of feces from each sample containing diluted M. paratuberculosis was used for the DNA probe test. The number of M. paratuberculosis CFUs in each sample was determined using the centrifugation method and doing 10-fold dilutions of the suspension prior to inoculation of HEYM. In addition, the number of CFUs in the original suspension was determined using quantitative cultivation methods. 17
Results
Comparison of fecal culture methods positive by DNA probe. Four specimens positive by DNA probe were fecal culture negative. Eighteen samples positive by fecal culture were negative by DNA probe, and 131 samples were negative by both DNA probe and fecal culture. Three methods for cultivation of M. paratuberculosis from fecal specimens were compared (Table 1) . Mycobacterium paratuberculosis was isolated from 30 of 170 fecal specimens when the centrifugation method was used to process specimens and when cultures were examined at 12 weeks. Although the centrifugation method resulted in the highest isolation rate of M. paratuberculosis, it also resulted in the highest contamination rate. After 16 weeks incubation, tubes of medium from 27 samples processed by the centrifugation method were overgrown with contaminants. Colonies of M. paratuberculosis had been visible for 3 of the 27 samples when cultures were examined at 12 weeks.
Mycobacterium paratuberculosis was isolated by all 3 cultivation methods from 17 samples that were DNA probe test positive. Sensitivity of the DNA probe test was 62.9%, 56.6%, and 65.4% relative to the sedimentation method, centrifugation method, and Cornell method, respectively. Specificity of the DNA probe test was approximately 97% when compared with each cultivation method.
Mycobacterium paratuberculosis was isolated from 27 of 170 specimens cultured using the sedimentation method. Although no samples were lost because of contamination when cultures were examined at 12 weeks, 9 samples were lost because of contamination by 16 weeks.
The relationship between number of CFUs present on slants and DNA probe results is given in Table 2 . In general, the DNA probe was able to detect M. paratuberculosis in fecal samples if animals were shedding moderate to large numbers of organisms. These results are consistent with those of experiments using fecal specimens with known numbers of M. paratuberculosis. Results of these experiments indicated that approximately 10 4 M. paratuberculosis CFUs per gram of feces were needed for detection by the DNA probe test. After 12 weeks incubation, M. paratuberculosis was isolated from 26 specimens using the Cornell method of cultivation. One additional sample was identified as positive when cultures were examined at 16 weeks. None of the samples processed by the Cornell method were lost to contamination.
Discussion
After 16 weeks incubation, the number of samples from which M. paratuberculosis could be identified was 27 for each of the 3 methods. After 12 weeks incubation the average number of CFUs per slant of medium for samples positive by all 3 cultivation methods was greatest when the centrifugation method was used. The Cornell method resulted in the fewest number of colonies for most samples.
Mycobacterium paratuberculosis was isolated from feces of 35 cattle, and 17 of the 35 were identified by the DNA probe test as infected. Infected cattle detected by the DNA probe test were shedding moderate to large numbers of M. paratuberculosis in the feces. Fewer than 10 CFUs of M. paratuberculosis were isolated from 14 of 18 animals that were positive by culture but negative by probe ( Table 2) .
Comparison of DNA probe with fecal culture
Of 170 fecal specimens tested, 35 were positive by 1 or more of the cultivation methods used and 21 were Four of 21 DNA probe-positive samples were negative by fecal culture; therefore, the DNA probe results were classified as false positive relative to fecal culture. It is possible that M. paratuberculosis was present in these samples but was not detected by fecal culture. Although this explanation cannot be eliminated, samples were cultured using 3 methods, which increased the likelihood of obtaining positive culture results. In addition, more infected animals were detected by culture than by the DNA probe test, which indicates that fecal culture is a more sensitive test. However, 1 of the 4 specimens was DNA probe test positive when tested at 2 separate laboratories. The organisms may have been in the specimen but were not able to grow in vitro. This problem has been observed several times with specimens from sheep 2 and may have occurred in this study.
It is also possible that false positive probe results were due to contamination by M. paratuberculosis DNA at steps prior to PCR. Amplification of contaminating target DNA is a common problem when using PCR. 9, 21 However, extreme care was taken to avoid cross-contamination of samples during the preparation steps, and the negative results of control samples indicated these procedures were satisfactory.
Cultivation of M. paratuberculosis from fecal specimens is the most frequently used diagnostic test for paratuberculosis. 3 The sedimentation method has been used in our laboratory for many years as the standard cultivation method. 18 The centrifugation method was developed to improve sensitivity of fecal culture, 19, 20 and the Cornell method was developed to reduce the number of cultures lost because of contamination.
Mycobacterium paratuberculosis was isolated from fecal specimens most often when samples were processed by the centrifugation method (Table 1) . However, contamination also was greatest when the centrifugation method was used. After 16 weeks incubation, the advantage of using the centrifugation method was nullified by contamination.
Although samples processed by the Cornell method were centrifuged, M. paratuberculosis was detected in fewer fecal specimens after 12 weeks incubation than when samples were processed by either centrifugation or sedimentation method. Sixteen-week culture results for samples processed by the Cornell method were identical to 12-week culture results for samples processed by the sedimentation method ( Table 1 ). The Cornell method provided the most effective control of contamination, especially after 16 weeks incubation. The sedimentation method was the least time consuming of the methods evaluated, and culture results were similar. Although fewer cultures were contaminated when sedimentation was used, as compared with the centrifugation method, contamination was greater than when the Cornell method was used.
Because each cultivation method evaluated in this study had advantages and disadvantages, the best method for isolation of M. paratuberculosis from fecal specimens was not obvious. Selection of the most appropriate cultivation method may depend on availability of centrifuges, time required for centrifugation and double decontamination of samples, and amount of contamination of samples.
The DNA probe test is a rapid diagnostic test that would permit identification of cattle shedding moderate to large numbers of M. paratuberculosis in the feces. It is important to identify these animals as quickly as possible so they can be removed from the herd, minimizing exposure of other animals. However, once animals shedding large numbers of organisms are removed, it is also important to identify other infected animals in the herd. Results of this study indicate that the DNA probe test is unable to detect infected animals shedding relatively low numbers of M. paratuberculosis in the feces. Fecal culture is still the best method for accurate identification of cattle in this group.
An ideal diagnostic test for paratuberculosis that can rapidly and accurately detect all infected animals remains elusive. Diagnosis of paratuberculosis may be best accomplished by using a combination of tests rather than using only 1.
